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WINO-TUNNELTESTSAT LOWSPEEDOFSWEPTANDYAWED

WINGSHAVINGVARIOUSPLANFORMS1

By PaulE. PurserandM. LeroySpearman

SUMMARY

Wind-tunneltestsofan
speedofvarioussmall-scale

exploratorynaturehavebeenmadeat low
modelsof sweptback,sweptforward,and

yawedwings.Thetestscoveredchangesin-aspectrat~o,taper-ratio,
andtipShEL~ . Somedatawereobtainedwithhigh-liftdeviceson
sweptbackwingsandwithaileronson sweptforwardwings.Thedatahave
beenbrieflyanalyzedandsomecomparisonshavebeenmadewiththe
availabletheory.

Theresultsofthetestsandthesnalysesindicatedthatthe
valuesoflift-curveslopeandeffectivedihedralof sweptwingscan
be computedwitha reasonabledegreeof accuracyinthelow-lift-
coefficientrangeby meansof existingtheories.

Ingeneral,reducingtheaspectratioandtheratioofrootchord
totipchordresultedin increasesin dragandeffectivedihedraland
increasedthelongitudinalstabilitynesrthestall.Cuttingoffthe
tipofa sweptbaqlcwingnormaltotheleadhge,dgereducedtheeffecti~
dihedralat lowliftcoefficientsd gavea siightreductioninthe
dragathighliftcoefficients.Sweepingforwarda partoftheouter
panelofa sweptbackwingimprovedthelongitudinalstabilityand
decreasedtheeffectivedihedralbutalsoslightlydecreasedthemsximum
liftcoefficie?rtandincreasedthedragathighliftcoefficients.The
useofhigh-liftdevicesateithertheleadingedgeorthetrailingedge
of sweptbackwingsincreasedthelift-dragratioandtheeffective
dihedralathighliftcoefficients.An increaseintheratioofroot
chordto tipchordforsweptforwardwingsresultedin decreasesin
aileronrolling-momenteffectivenessthatweregreaterthanthevalues
computedforunsweptwings.

%upersedesNACARM
ofSweptandYawedWings
andM. LeroySpearman.

L~Z?3entitled
HavingVsrious

“Wind-TunnelTestsatLowSpeed
PlanForms”by PaulE. Purser -

.
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INTRODUCTION

Muchinterestintheuseofhighlysweptwingshasarisensincethe
theoryofreference1 indicatedtheincreasesinflightcriticalMach
numberthatcouldbe obtainedby theuseof sweep.Theeffectsof sweep
onthelow-speedcharacteristicsofwingshavelongbeenrecognizedand
theory(reference2) indicatesthattheeffectsmaybe rather.large.
SomeexpertierrtaldataonUntaperedsweptbackwingsareprovidedin
reference3. Thepresentpaperreportstestsmadeonvarioussweptand
yawedwingsas anextensionoftheworkofreference3 to includethe
additionaleffectsoftaperratioandsweepfowardandto providedata
forcomparisonwiththe

The resultsofthe

theoryofreference2. .

COEFFICIENTSANDSYMBOLS

testsarepresentedas standardNACAcoefficients

,.

,.,
w’

of forcesandmomentswhicharereferredinalJcasesto thequarter-
chordpointofthemeanaerodynamicchordofthemodeltesteal.Thedata
fortheswept-wingtestssrereferredtothestabilityaxes(fig.l(a)),
andthedatafortheyawed-wingtestssrereferredtothestabilityaxes
andto thewindaxes(fig.l(b)).

Forthestabilityaxesthecoefficientsandsymbolsaredefinedas
follows:

CL liftcoefficient
.(
Lift

)
— where Lift= -ZC&

,.

Ckx maximumltftcoefficient

Cn ()yawing-momentcoefficiefi~
qsb

Cx
()

longitudinal-forcecoefficientx -
~

Cy
()

lateral-forcecoefficiercty
~

C2 ~ rolling-momentcoefficient

cm pitching-momentcoefficieti

x forcealongX-axis,pounds

—.. .—— — .—
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Y forcealongY-axis,pounds

z forcealongZ-axis,pounds

L rollingmomentaboutX-axis,pound-feet

M pitchingmomentaboutY-axis,pound-feet

n yawingmomemtaboutZ-axis,pound-feet

Forthewindaxesthecoefficientsandsymbolsaredefinedas
follows:

CD

x’
Y’

z
L’

M’

N

A

q

s
c

c’

b

Y

dragcoefficient
( )
‘r% whereDrag= -X’qs

,forcealongX-axis,pounds

forcealongY-axis,pounds

forceslongZ-axis,pounds

rollingmomentaboutX-axis,pound-feet

pitchingmomentaboutY-axis,pound-feet

yawingmomentaboutZ-axis,pound-feet

Othersymbolsaredef~d asfo~ows:

fo\
apsectratio

()
b’
F

\

free-streamdyuamicpressure,poundspersquarefoot
()

@J2
T

wingarea .

airfoilsectionchord,measuredinflightdirection

(f )b/2 .
wingmeanaerodynamicchord ~ c2dYso

wingspan

distancealongwingspan

.
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t

airvelocity;feetper’second

massdensityofair,slugspercubicfoot

angle‘ofattackof chordlinein stability-axisXZ-plane,
degrees

angleof’attackof chordl& inwind-axisX‘Z-plane,degrees

angleofyaw,degrees.,

angleof sweepofairfoilleadingedge,positiveforsweepback,
degrees

angleof sweepof quarter-chord
deg~es

angleof dihedral,degrees

line,positiveforkrweepback,

taperratio
(
Rootchord
Tipchord)

fiap deflection,measuredinflightdirection,degrees

ailerondeflection,measuredinflightdirection,degreea

aerodynamic-centerlocation,percentmeanaerodynamicchord

Subscripts:

LO conditionsforzerolift

Symbolsusedas subscriptsdenotepsYtialderivativesofcoefficients
withrespectto angleofyaw,angleofattackyflapdeflectionjaileror
deflection,andliftcoefficient.

,
Forexsmple,

(%),L=$$$

..- —.—

I
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NACATN 2445

MObELS

●

Themodels,whichweremahogany
intheLangley7-by 10-foottunnel,
Themodelshavingconventionaltaper

wingsusedinpreviousinvestigations
areillustratedinfigures2 and3.
wereofNACA23012airfoilsection

inplanesparalleltotheoriginalplanesof symmetry.Theuntapered
models‘wereofN.ACA0012andNACA0015airfoilsectioninplanesnormal
tothelead= edges.Themodelhavinginversetaperhadlow-drag-we
airfoilsections,theordinatesofwhicharegivenintableI. Thewing
tipswerefairedon onlytheinverse-tapermodel.Thefull-spansplit
flaptestedononeoftheuntaperedsweptbackmodelswasof~ -inch~6
steelandhada chordequalto 25percentofthewingchord.Thenose

spoilertestedon oneoftheuntaperedsweptbackmodelswasof& -~ch32
steel,hada chordequalto 2.5percentof-thewingchord,andwas
mountedattheleadingedgeasanextensiontothewing-chordline.The
half-spansplitflaptested.ontheinverse-tapermodelwasof~- inch

Masoniteandhadchordsequalto 20percentoftheairfoilsectionchord.
The.noseflap(orslat)testedontheinverse-tapermodelwasofNACA
22airfoilsection(reference4) ina planenormalto itsleadingedge
andhada constsdchordequalto @ percentoftheaveragechordofthe

( )
z

pm ofthewing 0.3$to 0.9~ overwhichtheflap(orslat)waslocated.

o

TESTSANDREsTmrs
TeatConditions ‘

ThetestsweremadeintheLsagley7-by 10-foottunnelat dynamic
pressuresof16.37and,9.21poundspersqusrefoot,whichcorrespondto
airspeedsofabout80 and60milesperhour}respectively.me teti.
Reynoldsnumbers(fig.4)rangedfrom620,000to 1,250,000,thevalue
dependingonthedynamicpressuresndonthemeanaerodynamicchordof
themodeltested.Becauseoftheturbulencefactorof1.6forthe
‘tunnel,theeffectiveReynoldsnumbers(formaximumliftcoefficietis)
%ed from992,000to2,000,000(fig.4).

Datafor
causedby the

# Corrections

onlytheinverse-tapermodelhavebeencorrectedfortares
modelsupportstrwt.Notaredatawereobtainedforthe

I
*
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otherw& modelsbecausee~riencehasshownthat,forthetypeof
,+

SUppOrt used(fig.3), appreciable ares OCC~ o~Y ~ the~lues of~g~
angleofattack,andpitchingmometiatzerolift.Theseitemswerenot
consideredsignificantforthepresentinvestigation.

Foralldataexcepttheyawed-wingtests,jet-boundarycorrections
wereappliedtotheanglesof attack.andto thelongitudinal-forcecoef-
ficients.Thecorrectionswerecomputedas followsby useofreference5:

.

where

% jet-boundary-correctionfactoratwing

s wingarea, squarefeet-

c tunnel cross-sectional area, squ=e feet

AllJet-boundsrycorrectionswereaddedtothetestdata,andthevalues
usedforeachmodelcanbe determinedfromfigure5.

*

TestProcedureandPresentationofData

Thevarioussweptwingswere,ingeneral,testedthroughtheangle-
of-attackrangeatanglesofyawof0°and*5°frombelowzeroliftto
abovem~ liftat incrementsofangleofattackof2°exceptnesr
maximumliftwhereincremefisof1°wereused. Sketchesorphotographs
weremadeof.theactionof smallsilkorwooltuftsattachedtothewing
uppersurfaceforsomearrangements;no force-testdataweretskenwith
thetuftsinplace.TheslopesC~, C%, @ ~y wereobtained

by assumingstraight-linevariationsof Cz> CD and Cy between
mgles ofyawof,5°and-5°.

Theyawedwingsweretestedthroughthe.angle-of-attackrangefrom
belowzerolifteitherto above~ liftorto an angleofattack
ofabout55°measuredina planeno~sltotheleadingedgejwmchever
wassmaller.

.

..—. —..— —-—- .—-



Thedataarepresentedinfigures6 to 43 inthreegeneralgroups-
force-testdata,tuftsketches,andcomparisonplots-and areindexed
intableII.

THEORETICALRELATIONSHIP

Thebasictheoryforsweptandyawedwingsas developedby Betz
(reference2) isbasedontheconceptthatonlythecomponentofvelocity
normaltothewingleadingedgedeterminesthechordwisepressuredis-
tribution.Amongthesimpli~ingassumptionsmadeby Betzare: The
spanwiseloaddistributionisrectangular,thetwosemispnsof a swept
wingmaybe consideredindependentlyasyawedwings,andthewingis
sweptby firstsettingthepaels atanangleofattackandthensweeping
thewingin sucha mannerthattheleadingedgesofthepanelsremain
ina horizontalplane.Thelastassumption,sinceitintroducesa geo-
metricdihedral,primarilyaffectstherollingmoments,and,since “
maintainingthepanelleadingedgesina planeisnota practicalarrange-
ment,a seriesofequationswasdevelopedfromBetz’sworkwithoutsuch
anassumption.

Thenormal-component-of-velocityconceptandtheassumptionsof
independetisemispansandrectangularspanloading,however,wereretained
inthedevelopmentofthefollowingequations,wl+charenotallusedin
thepresentpaperbutarepresentedforfuturereference:

Yawedwings:

()cLa= cLa CO+’*
w

(1)

(3)

.
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Sweptwingswithoutflapsorcamber:

c = c~ (%) COS A COS%
A=IJ4

c%;=p-) COS A COS +
A=@O .

()cz~a= %8 COS A COS%
a A.+=(I

I
Swept wings withfull-spanflapsor csmiber:

( )-C%f= C%fA+a co”Acos~‘flaps)

(,)cL ~~~=o COS2ACOE2$ (canber).

()
~=~ cos A

A=-I@ .

()ACcZ=2L@ t2mAtan*+-~c Ltanr tally+

‘(4)

(5)

(6)

(7) { ~

(8)

(9) .

(lo)

(11)

(12) “ ‘“
1,

t

I

(

r
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or since

()0.00!k CL ~ tan A

9

(13)

(14)

(15)

Equations(1)to (15)take no accou&ofaspectratioandtaper
ratio. Forliftandaileroneffectivenessthesefactorsmy be accoumted
forapproximatelyin severalwaysas follows:[1)by useof stmdard
correctionswiththeaspectratioandtaperratiobasedon anunswept
winghavingthesamepanelsasthesweptwing(reference3);(2)by use
of chartsdevelopedby Mutterperl(reference6) whichgivethespan
loadingandtotalliftof sweptbackwingscalculatedby a methodbased
onWeighardt’sextensionto lifting-linetheory(reference7);(3)by
useoflifting-surface-theorycomputations(reference8). Foreffective
dihedral,inorderto accountforaspectratioandtaperratio,the
followingitemsmsybe noted:(1)equations(7), (13), and(15) actually
provideonlyincrementsin Cz causedby sweepanddihedral;(2)the
basicvaluesof Cz

W
~ be o$tainedfromWeissinger(reference9) by

usingthevaluesof“aspectratioandtaperratioactuallyexist@ on
the‘sweptwings.

DISCUSSION

LongitudinalStabilityofSweptWings

Effectofaspectratio.- As hasbeenshowninreferences3 and10,
thepitching-momentcurvesbecomeincreasinglynonlinearasthesweep
angleis increasedandtendtobecomeunstablenearthestall.Decreasing
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theaspectratiogenerallyreducesthenonlinearityandtendstomake
thepitching-momentcurvestableneaxthestall.(Seefigs.6,7, 9,
and36forexample.) Thedataforallthewingsincluded-inthepresent
investigationbothsweptbackandsweptforwsrd,agreeverywellwith
thesunmarychartof reference10 astotheeffectsof sweepanglemd

, aspectratioonthepitching-momentcharacteristicsnearthestall.
As showninfigure36,increasesinaspectratiomovedtheaerodynamic
centerat lowliftcoefficientsslightlybackfortheunsweptandswept-
forwar~wingsandslightlyforwardforthesweptbackwings.

-——

Effectoftaperratio.-Inagreementwiththedataofreference10,
thepresentinvestigationshowedlittleor noeffectoftaperonthe :.=
pitchi~-momentcharacteristicsnearthestallforsweptbackwings.
(Seefigs.13 and14.) Forsweptforwardwings,however,increasing
theratioofrootchordto tipchordproVideda slightstabilizing
effectonthepitching-momentcurvenearthestall.(Seefigs.26
to28.)Increasesintheratioofrootchordto tipchordmovedthe
aerodynamiccenterat lowliftcoefficientsbackforsweptbackwings,
verylittleforunsweptwings,andforwardforsweptforwsrdwings.
(Seefig.37.) ,

Effectofhigh-liftdevices.-Theuseofa full-spansplitfla~ .——–
atthetrailingedgeorof a spoilerextendingfromthenoseonan
untapered600sweptbackwing(figs.7, 8, and38) hadlittleeffecton

I thepitching-momentcurveexceptfora changeintrimproducedby the{
trailing-edgeflap.Fortheinverse-tapersweptbackwing(figs.14
and38) theuseof a half-spancenter-sectionsplitflapatthetrailing
edgeanda half-sparetipslator flapat-theleadingedge- either .C
separatelyor incombination- delayedtheexcessivestabilityathigh-
liftcoefficientsandhadlittle,effectonthestabilityatlowlift
coefficients.Allcombinationsproducedsomechangeintrim,andinthe

~-

orderof increasingthenegativevalueof Cm at CL = O thedevices

are: leading-edgeslat,trailing-edgeflap,trailing-edgeflapand
leading-edgeslat,trailing-edgeflapandleading-edgeflap,andleading- “ ~
edgeflap.
‘,

Effectoftipmodification.-Cuttingoffthetipnormaltothe
leadingedgeonanuntapered60° sweptbackwinghadlittleeffecton
thenonlinearityofthepitching-momentcurveor onthestabilitynear
thestall(figs.6and10)butdidmovetheaerodynamiccenterback
at lowliftcoefficients(fig.39).Whentheouter40percentofthe
wingpanelswassweptforward,however,thepitching-momentcurvebecsme
nearlyI-inesrandindicatedstabilitynearthestall.(Seefigs.6,H,
and39.)

.

[
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.

EffectiveDihedralofSweptWings

Effectof aspectratio.-Forunsweptwingstheslo’peofthecurve
of cl

v
againstCL is increasedpositivelyastheaspsctratiois

decreased.(Seefig.36.) Thessmeeffectis showninfigure36for
untaperedsweptbackwings.Althoughinsufficientdataareavailableto
showdirectlytheeffectofaspectratioon

()Cq(CL
forsweptforward

wings,theagreementbetweenexperimentandcalculationshowninthe
sectionentitled“Com~ari60nwithTheory”supportstheargumentthat .

aspect-ratioeffectson
[)
Clvc areindependentof

L
valueof Cl forthesweptbackwings(fig.36)was

v
astheaspectratiowasreduced.

sweep.Themaximum ..—=

increasedslightly
i

Effectoftaperratio.-AccordingtothecalculationsofWeissinger
(reference9)anincreaseintheratioofrootchordtotipchordshould
givea reductioninthepositivevalueof

()”
Cz Thatthisresult
~CL-

istrueis indicatedby thedataof figure37forbothaweptbackad
sweptforwardwings.Theapparentdiscrepancyfortheunsweptandfor
theapproximatelyunsweptwings(fig.37)isattributableto thefact
thatthetaperedwingbuiltwitha straighttrailingedgehadenough
sweepbackto counteractthesmalltaper-ratioeffect.Forswe~tback
wings,increasesintheratioof rootchordto tipchordapparently
increaaedthemaxbmmpositivevalueof c~ andtheliftcoefficient

t
atwhichthismaximumvalueoccurred.

.

—

—

Effectofhigh-liftdevices.-Thedataof figure38 showthatthe
useofhigh-liftdevicescangreatlyincreasethemaximumvaluesof

*
c1
$

obtainedwithsweptbackwings.Theuseof a full-spansplitflapat
thetrailingedgeofanuntaperedwinghavinga 600sweepbackgavean
incrementinthevalueof C1?$at CL = O, an incrementinthemaxhum

valueof Cz , andan incrementinthevalueof
V CL atwhichthe

maximumvalueof CZV occurred.Fortheinverse-tapersweptbackwing, .
a half-spancenter-sectionsplitflapatthetrailingedgeproduced
practicallyno changeinthevalueof Cz~ at CL = O,probablybecause

T

atcL=() thewingtipswerecarryinga negativeload;
inturnproduceda negativevalueof Czw to counteract

thisloadin --
thepositive
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incrementprovidedby theflap.Theuaeoftheflapdid,however,extend
thecurveof C~ enoughto produceanappreciableincreaseinthe

+
maximumvalueof C7 andintheliftcoefficientatwhichthemaximum

‘t
valueof Cttioccurred.Fortheinverse-tapersweptbackwingtheuse

ofthehalf-spantip-sectionleading-edgeslat(orflap)– eitheralone
or incombinationwiththetrailing-edgeflap— resultedinlittle
changeinthevalueof C2$ at CL = O butdidincreasethemax-

IUUmvalueof Cz andtheliftcoefficientatwhichthemaximum
+

valueoccurred,probablybecausetheleading-edgedeviceBimprovedthe
flowoverthetipsat highliftcoefficietis.Theuseof full-spanand
half-epantip-sectionnosespoilersextendingforwardfromthechord
planeonthe600sweptbackwingapparentlyimprovedtheflowconditions
overthewingouterpanelandslightlyincreasedthemaximumvalue
of Cz.+

Effectoftipmodiffcation.-Cuttin.goffthetipnormaltothe
leadiuqedgeonanuntapered60° sweptbackwingreducedtheS1OF.Sof
thecurveof Cz against

v’ CL at lowliftcoefficientsbutdidnot

changethemaximumvalueof Cz . Sweepingforwardtheouter40percent
4’

ofthe span, however,markedlyreducedboth
()cZ~CL

andthemaximum

valueof Czv. (Seefig.39.)

InducedDrag,

w

-r

u

MaxtiumLift,andStallingofSweptWings
v

ratio.- Curvesinfiwes 19ml36indicatetheEffectof aspect. .
\ effectof asDectratioontheinduceddrag;them“&tiumlift,andthe
) EMllingcharacteristicsforunsweptstraightwings.Reducingthe

a~pectratiofrom6 to 3 increasesthedragtsincetheinduceddrag
variesinverselyto theaspectratio.‘reduction‘n.C%llax‘Ccms as
theaspectratioisdecreasedalthoughthestallangleishigherforthe
loweraspectratio.

Wingssweptback30°(fig.15)showgenerallythesapeeffectas
unsweptstraightwings.Whentheaspectratioisreducedfrom>.2

..

to4.5,an increasein draganda reductionin C&ax occur.wings
sweptback600(figs.61 7) 9j and36) ~SO show~ ~crease~ drag
astheaspectratioisreducedinthelowerlift-coefficientrange,

m

butathigherliftcoefficientsthedragofthewingwiththesmaller
aspectratioislessthanthatofthewingwiththehigheraspectratio. E
Thesameeffectwasobtainedintestsof600sweptbackwingsinthe —.
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Langley300MPH7- by 10-foottunnel(referencen). Thehigherdrag
ofthewingwiththelargeraspectratioisprobablycausedby the
spanwiseflowtowardthetipsofsweptbackwings;thisflowresults
ina thickeningoftheboundarylayerandcausesseparatedflowover
thewing. Thisconditionapparentlybecomesmoreaggravatedatthe
highersweepanglesasthespanis increasedandresultsina drag
incrementlargeenoughto offsetw decreasein induceddragcaused
by increasingtheaspectratio.

Aspect-ratiochangeshavea pormaleffecton sweptforwardwings,
as seeninfigures25and34.Theeffectis similartothat“for
unsweptandfor30°sweptbackwings,buttheincreaseindragandthe
lossin

L
withdecreasesinaspectratioappearlargerforthe

sweptforwardWiIlgS.

Effectoftaperratio.-Forunsweptwingsfigure37 showsthat an

increaseoftaperreducedtheinduceddrag,buttheapparentincrease
inc forthewingwithtaperratioof3.0isprobablya false

effeetsince”thetaperedwingsaxec’&ibered(NACA230W) airfoilsectio”m
whereastheuntapemdwingisuncsmbered.Comparisonofthetapered-
wingdatawithdataona rectsmgilarNACA23012airfoilsection(refer-
ence12)showsnoeffectoftaperon Ck. As thewingsareswept

eitherforwardorbackthefavorableeffectof increasedratioofroot
chordtotipchordinreducingtheinduceddragbecomesquitelsrge.

Tuftstudiesofthesweptbackwings(fig.35) indicatethatthe
stalJpatternis si.milwtothatobservedon othersweptbackwingsat
lowReynoldsnumbers.Atmoderateliftcoefficientsa regionof
disturbedflowoccursontheleadingedge;thenthetipstallsandthe
stallmovesprogressivelytowsrdthecentersection.Chamgesintaper
didnotappreciablyaffectthegeneralpatternofthestall.

Effectofhigh-liftdevices.- Thevseof full-spansplitflapson
thetrailingedgeofanuntapered600swe~backwing(fig.7) increased
CL onlyslightlybutdidreducetheangleofattackfor C%lax”
Thedragwasincreasedovermostofthelift-coefficientrangeand
becamelessthanfortheplainwingonlyslightlybelow C*. The
full-spannosespoilertestedonthe60°sweptbackwing(fig.8) gave
a slightlylargerincrementof Cb thandidthesplitflapbut

indicatedno changeinthe,stallangle.Thedragwasincreasedupto
a liftcoefficientofabout
wingaboveCL = 0.6.

Deflectinga half-span
sweptbackwing (fig.14)or

0.6 butwaslessthanthedragoftheplain

‘,

splitflapon
addhg either

thetrahingedgeof a
a leading-edgeslator

37● 5°
flap

. ..-— -- .-.-— .———-—-.— - —. — —— . .—— ..—-. —-. . ..—— -.— —-—-- --
.’.
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‘n‘he‘ip ‘Eased C%ax”Deflectingtheflapincreasedthedrag
upto a liftcoefficientof0.65andthengavelessdrsgthantheplain
wingupto c~=.’ Theadditionofeithertheleading-edgeslatorflap

furtherreducedthe@ag froma liftcoefficierrtof0.65upto Ck.
Theadditionofeithertheleading-edgeslatorflapwiththetrail@-
edgeflapunreflectedreducedthedraginthehigherliftrangeby an
amountaboutequaltothatcausedby deflectingthetrail@g-edgeflap
alone. Deflectingthesplitflaphadlittleeffectonthestallpattern
butuseofthetipslatconsiderablydelayedthesta3Jatthewingtip
(figs.35(c)=d 35(d)).

Estimatesbasedonafierondata(fig.30)weremadeto determine
theeffestivenessofa splitflaponthetipof sweptforwardas.
Theincremerrtofliftat a = O forthehalf-spansplitflaponthe
tipofa 45°sweptfomardwingwasslightlygreaterthanthatforan
tioardhalf-spansplitflapona 45°sweptbackwing(reference3)and
ahuosttwiceasgreatas thatforah outboardhalf-spansplitflapon
a 45°sweptbackwing(references3 and13). Littledifferencewasnoted

h ae ‘iCmmeti‘f C%lax providedby thesplitflapon sweptforward

andsweptbackwings.

Effectoftipmodification.- Cuttingoffthetipof a sweptback
wingnormaltotheleadingedgecauseda reductionindr~ froma lift
coefficientof0.50uptomaximumliftsincethetaperratiowas
effectimlyincreased(fig.39). Sweepingtheouter40percentofthe
wingforwardincreasedthedragfroma liftcoefficietiof0.80to Ch ‘
andslightlyreducedC*, probablybecauseoftheincreasedinter-
ferencebetweenthesweptforwszdsmdthesweptbackpanels.

AileronEffectimnessforSweptforwardWings

Datafortwo45°sweptforwardwingsoftaperratio1.0and4.0
equippedwithhalf-spansplit-flap-typeO.20ctieronsdeflectedon@e
leftwingonlyarepresentedinfigmes 30and33. .

Comparisonswhichaccountedfortherelati=effestivenessofplain
andsplitflaps(reference13)indicatethattheaileroneffectiveness .
cz~ ata liftcoefficierrtof0.2forthe45°untaperedsweptforward

a
wingwasabout10percentgreaterthanthevaluethatwouldbe obtained
forthe45°Untaperedsweptbackwingofreference3. Thisre~t is
probablycausedby thethinnerboundarylayerandthelessturbulent
flowexistingonthetipsof sweptforwardwings.

.

——— —— —.— ..
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Thedatashowedthatthelossinaileronrolling-momenteffective-
resultingfromincreasedtaperwasgreaterforthesweptfo~ard
thanthelossindicatedforunsweptwingsinreference14.

COMPARISONWITHTHEORY“ ,

Yawed-WingLift-curveSlope

Thetestsoftheyawed.wingsweremadeprimarilyto providea
relativelyquickpreliminarycheckonBetz’sconceptoftheeffectof
yawonthelift-curveslope(reference2). As shownbyfigurek(lthe
datafortheNACA0012wingof aspectratio6 agreedalmoste=ctly
withthecosinelaw. Testsof@ NACA0012wingofaspectratio3,
however,showedlesseffectofyawon

CL
thanisindicatedbythe

cosinelaw. Inan effortto explainthediscrepancy,testsweremade
oftwoflatplateshayingaspectratiosof3,onerectsmgularandone
of infinitetaper.As shownbyfi~e b theinfinite-tapermodel
showedmoreeffectofyawthanthecosinelawandtherectangularplate
showedlesseffect.Additionaltestsofa flatplatehving an aspect
ratioof 1.27showedan increaseratherthana decreasein C%, as

themodel wasyawed. Theseresultsmaybe partlyexplainedby thefact
thatasa rectangleisyawedthespannormalto theair-stream
direction- andthustheaspectratio- increasesforpartoftheyaw ‘
range.Theamountof increaseandtheanglesofyawoverwhichthis
increaseappearsarefunctionsoftheaspectratioandthetapsrof
thebasicmodel.Correctionsappliedonthisbasisindicatethatall
thedatawouldgroupaboutthecurvefortheinfinite-taperplatehaving
an aspectratioof 3. Theresultingcurveshoweda slightlygreater
effectofyawthanisindicatedby thecosinelaw.

Swept-WingLift-CurveSlope

Thedataofreference3 indicatethatinthecomputationof
lift-curveslopeof sweptwingsthecosinelawisvalidprovided

the
the— — —

aspectratiousedisthatofanunsweptwinghavingthesamepanelsas
thesweptwing. Onthisbasisandby useof~helifting-surface-theory
equationforthelift-c~e slope(reference15)figure41wasderived.
By useof figure41anda valueof0:099forthesectionlift-curve
slopethevaluesof C~ werecomputedforalltheswept-wingtests.

Themeasuredandthecomputedvaluesof Ck
areshowninfigure42.

Theageementisreasonablygoodbutindicates,as didtheyawed-wing
data,thatthecosinelawdoesnotindicatequiteeno-” dropin C~
as A isincreased.

—. —- .-— . . . . . ... .. .. -—-—— .. . . ._. .-— ~..
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d
Swept-WingEffectiveDfiedral

Inthecalculationoftheeffectivedihedralthessmeprocedure
wasfollowedas inreference3 exceptthattheaspectratioandtaper
ratioaswellasthesweepwereaccoumtedforby obtaining

()
c‘$c~~=-)

fromthefollowingformulaofWeissinger(reference9):

Reference9 statesthattheconstantK isindeterminatebutdepends
onthewing-tipshapeandisprobablyoftheorderofmagnitudeof
unityforsqusre-cuttips.ThedatafortheNACA0012airfoilshaving
aspectratiosof3 and6 wereusedto evaluateK anda valueof1.51
wasobtained.

Thevaluesof
()cZ~CL

forthemodelstestedinthepresentinvesti-

gationwerecomputedby usingK = 1.51 andequations(15)and(16). ‘
Figure43showstheremarkablycloseagreementobtainedbetweenthe
measuredandthecomputedvalues.

CONCLUSIONS

Theresultsoflow-speedtestsin the Langley7- by 10-foottunnel
of severalsmall-scalemodelsofyawedandsweptwingsindicatedthe
followingconclusions:

1.Thelift-c&veslopeandtheeffectivedihedralforsweptwings
canbe computedwitha reasonabledegreeofaccu-cyh thelowlift-
coefficientrsmgeby meansofexistingtheories.

2.Ingeneral,reducingtheaspectratioandtheratioofroot
chordtotipchordproducedincreasesin dragandeffectivedfiedrsl
andslightlyincreasedthelongitudinalstabilitynearthe”stall.

3.Cuttingoffthetipofa sweptbackwingnormaltotheleading
edgereducedtheeffectivedihedralat lowliftcoefficientsandgave
a slightreductioninthedragathighliftcoefficients.

.

*
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4.Sweepingforwarda partoftheouterpanelofa sweptbackwing
improvedthelongitudinal.stabilityanddecreasedtheeffecti=dihedral
butalmoincreasedthedragathighliftcoefficietisandslightly
decreasedthemaximumliftcoefficient.

5. Theuse of either leading-edge or trailing-edge high-lift devices
on sweptbackwings increased the lift-drag ratio andthe effective
dihedral at high lift coefficient 6.

6. Anincreaseintheratioofrootchordtotipchordon a swept-
forwardwingcauseddecreasesinaileronrolling-momenteffectiveness
thatweregreaterthamthelossescomputedforunsweptwings.

.

LangleyAeronauticallaboratory
NationalAdvisoryCommittpeforAeronautics

La@-eyField,Va.,May22,1947
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TABLE I

AIRFOILORDINATESJIEAmmoOH ITWEIWE-TAH3RMODEL

[Chordtie atatione ad ordinates given in percent of airfoil-sectionchord]

SpanwLae station

hordwise Center line 21.25 In. right of 21.25 h. leftOf
station center >ine center line

o
.7?
1.25
2.5
5.9
7.5
10

Jpper mmface

o
,90

l.l$?
1.55
2.21
2.65
3.03
4.00
4.55
4.69
4.53
3.98
3.07
2.07
1.05
0

LOwer aurfam

o
.82
.98
1.28
l.m
2.06
2.30
2.83
2.97
2.92
2.73
2.48
1.85
1.s2
.77
0

Upp9r .wrface

o
.72
.94
1.9
1.94
2.40
2.77
3.70
4.13
4.26
4.2s

;:%
2.15
1.10
0

I.awersurface

o
.65
.82
1.10
1.55‘
1.90
2.20
2.90
3.21
3.15
2.99
2.66
2.16
1.50
.80
0

Upper surfac

o’
.79
.98
1.4Q
1.99
2.45
2.8s
3.89
:.4&

4:35
3.90
3.17
2.19
1.12
0

Lower surface

o
,65
.84
1,15
1.65
2.05
2.37
2.9s

, 3.21
3.17
3.01
2.66
2.02
1.42
.75

0

* .
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TA3LEII

IKOKXOFFIOURES

AC AEIpxtratio,Tqmr ~@ ~.fl mtiionModel Modelconfigwationandtest F@ra
(de:) A

L Conditiom

Force-teetdata

1 60 2.6 1 EACA0012 v -00,& 6
2 60 1.5 1

60
NMA (XX.2 $.oo, i-50;mg+eplitflaP

1.5 1 KACACY312 q=oo, q;uing+lme epiler i
3:4 & 3,1.5 1 KAcA(MU q=oo 9

1 EAcA001.2 q -00,W; cut-offtipfi
2 t%

10
N 1 RICA00= q = 00,9; maPtfo~ 11

outerpenels
7 % 2.1 2.5 l?MA23012q=00>W’ 1.2
8 37.5 3 2.04 EACA2301.2 $= 00,9 111
9 37.5 3 0.617 I#Jw-dreg-~$ =0°,@o; fairadtip;@it 14

10,u. 30
fkpj nose SIEtti fkp

>.2,64.5 1 EACA0315 $=00 15
E 1: 3 K4CA23012 V=oo, ty 16

6 5 HACA23012 $=00
?4 o 1 NACA0012 V-oo 3

lg,16 0 6,:3 1 EACA0015 $-00 19
14 0 1 EACACUM-2 Yawrange;etabili~anduindaxm 20
17 0 1 HACA001.2 Yawrange;6kabilityandwind-S
18 0 : 1 Flatplate Yawrangej6tebili~andwindexw z
19 0 3 . FM plate YaWIXUI@2j 6tdlili@ SIld ViIld =B 23
al o 1 FlatPlate Y8wrwj 8t8bili&- uIM _ 24

ZL,22 -30 3.2,3 1 E..UA0019 q=oo 25
23 1 u @x12 *=00,9 26
24 :$ 3:6 2.85 EACA23012 * = 00,w w
25 -m . 3.6 4.24 EIAC.A23333.2* -00,%0 23
26 2.1 1 RACA0012
26

V-00, 1’50
:: 2.1 1 KACAIXH.2 *= O”,*:~+aUercm $

27 -46.6 2.1 2.5 WA ~~ q=oo s
28 . 2.1 4 E%.U2jO12$-lP,t50
28 :; 4 ~A 23012y=oo,~o;~+dlmon . z

29,30 -60 ~2i?5 1 EACA0015 $-00 ,34

Tuftsketches

2 &l 1.5 1 17ACAQX2
%

35.9
2.1 rwA 23cw 3%

; 37.5 3 ::217 ~~e=+m= PlainV@ 3%
9 32.5 0.617 I.cH-drag-tgpewing+tipBlat 3X
13 : 5

-45
HACA23032 35=

27 2.1 2.5 EACA23012 35f

Ccqmriaonfig-urea

Effectofaapect.ratio 36
Effectoftay ratio 37
Effectofhigh-1.ifkdevices 38
EffectoftipDwMricatlcm
Yawed-wingM3t-curvesloF@ ??
Ldft—curvaE&3pforavcptwings
C~n ofmeasuredandcomputedlift-curveslopesformpt WIWB $
Ccqarimnofmeamradandcomputedvalu.esofeffectivedihadrelforweptwings 43
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(a) stability axes. (b) Wind *s.

Figure 1.- SyEItems of axes used. Positim valuM
angles are indicated by arrow!.

of forces, mommts, and
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2.-Continued.
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(a)45°sweptforwaniwing.

Figure3.- SweptwingsmountedintestsectionofIangley7-by
10-foottunnel.Frontview. .
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(b) 60°sweptback U@ “with63° sweptforward outer

Figure 3.-Concluded.
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Figure4.- Variationof
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